Effect of certain soil properties on the survival and migration of Xiphinema americanum by Ponchillia, Paul Edward
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1970
Effect of certain soil properties on the survival and
migration of Xiphinema americanum
Paul Edward Ponchillia
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Plant Pathology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Ponchillia, Paul Edward, "Effect of certain soil properties on the survival and migration of Xiphinema americanum " (1970).
Retrospective Theses and Dissertations. 4260.
https://lib.dr.iastate.edu/rtd/4260
70-25,817 
PONCHILLIA, Paul Edward, 1943-
EFFECT OF CERTAIN SOIL PROPERTIES ON THE 
SURVIVAL AND MIGRATION OF XIPHINEMA AMERICANUM. 
Iowa State University, Ph.D., 1970 
Agriculture, plant pathology 
University Microfilms, A XEROX Company, Ann Arbor, Michigan 
EFFECT OF CERTAIN SOIL PROPERTIES ON THE SURVIVAL 
AND MIGRATION OF XIPHINEMA AMERICANUM 
A Dissertation Submitted to the 
Graduate Faculty In Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Plant Pathology 
Paul Edward Ponchlllla 
Approved: 
In uharge of Major Work r> VI rr <r\ f AA m ^/-vvi Uf#-sV»ly 
Head _ apartment 
Deaa^f Graduat 
Iowa State University 
Ames, Iowa 
1970 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OP CONTENTS 
Page 
INTRODUCTION 1 
LITERATURE REVIEW 2 
Soil Porosity 2 
Organic Matter Content 4 
MATERIALS AND METHODS 7 
Soil Preparation and General Procedures 7 
Survival 9 
Migration 12 
RESULTS 17 
Survival 17 
Migration 26 
DISCUSSION 49 
SUMMARY 53 
LITERATURE CITED 55 
ACKNOWLEDGEMENTS 58 
APPENDIX 59 
1 
INTRODUCTION 
There is much literature pertaining to soil nematode 
ecology, and many soil properties and nematode species have 
been investigated. Conclusions pertaining to one nematode 
species do not necessarily pertain co others, and therefore, 
study of individual nematode species is necessary. The 
Importance of native soil organic matter to nematode ecology 
is virtually unknown, and it is an objective of this study 
to determine its importance. 
Xiphlnema amerlcanum Cobb is a well known species which 
causes damage to a variety of plants. It is often thought 
to be one of the most destructive nematodes, since it has a 
wide host range and is one of the larger plant parasitic 
nematodes. 
Pew investigations pertaining to the ecology of X. 
americanum have been made. The objective of this study is 
to examine the importance of several soil properties on the 
movement and survival of X. americanum. Adequate ecological 
knowledge could be a basis for more effective control 
measures. 
2 
LITERATURE REVIEW 
Soil Porosity 
The effects of soil porosity have been studied by many 
workers and most studies support the theory that lighter 
soils are superior to heavier ones as plant parasitic nema­
tode habitats. Steiner (23), in a review, stated that 
nematodes are well suited to porous soils, especially in 
terms of nematode spread. There is much evidence to support 
this concept. When Sesbania exalta Raf. was planted in soil 
of several textural classes and inoculated with Meloidogyne 
Javanica (Treub) Chitwood, symptoms were more severe in 
coarser textured soils. These results correlated well with 
field observations (22). 
Reproduction of Pratylenchus brachyrus (Godfrey) Pllipjev 
and Stekhoven, and movement of P. zeae Graham were greater in 
a sandy loam than in a loam or a clay loam (C). 
Juveniles of Heterodera rostochiensis Woll., which is a 
common Inhabitant of fen peat, moved more readily through 
different size fractions of a peat than through the same 
fractions of a clay or a sandy loam. The author hypothe­
sized that peat offered less friction to movement than did the 
other soils (29). 
Reproduction of M. Javanica was greater in cowpea (Vigna 
sinensis (L). Endl. var. Asmerly) in coarser textured soils 
when a loam, sand, and loamy sand were mixed to achieve 
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varying textures. Damage to cowpea was evident in all 
textural classes, but was significantly worse in the coarser 
textured soils (5). 
Kable and Mai (11) attributed greater survival of P. 
penetrans Filipjev and Stekhoven to an interaction of soil 
moisture and texture. They concluded that optimum moisture 
conditions were of longer duration in sandy soils when 
compared with those of finer texture. 
Wallace (27) found that the I5O-25OJU fraction was 
optimum for movement of Heterodera schachtii Schmidt juveniles 
compared with the 40-75P> 75-150;j and 250-50pp fractions. 
Visual observation revealed that many of the spaces between 
particles in the 75-150>i size fraction were too small for 
nematode passage, while the wider passages in the I5O-25QU 
fraction offered little hinderance. The largest fraction 
did not hinder the nematodes per se, but the sides of the 
pores were far enough apart to pose a leverage problem. The 
25O-5OPP particle size fraction was optimum for the movement 
of Ditylenchus dipsaci (Kuhn) Filipjev (28). This would be 
expected since D. dipsaci is larger than H. schachtii Juve­
niles. Movement was best when the body form had long wave 
lengths and short amplitude. 
Little work relating to Xiphinema spp. and soil proper­
ties has been reported. Xiphinema mediterraneum Martelli 
and Lamberti, a small species, predominated in clayey and 
loamy soils, while larger species were present in sandy 
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soils (4) . Xiphinema amerlcanum was found in larger numbers 
in a loam than in a silty clay loam in a population study in 
Iowa. The silty clay loam was higher in organic matter and 
lower in pore space, which may have had some bearing on these 
results . (18 ) .  
Organic Matter Content 
The effect of organic amendments on nematodes was first 
studied by Linford et al. (13), who found that pineapple 
stems incorporated into soil substantially reduced root-
knot disease. Crop residues incorporated at 20.2-21.8 
tons/ha reduced root-knot of tomatoes by 'JVfo in field 
plots (9). 
The effects of organic amendments other than crop 
residues have been tested on many nematode species. 
Tylenchulus semipenetrans Cobb was eliminated from 
infested soil by adding castor pomace (15). Amendments of 
soybean meal and corn, cottonseed, peanut and soybean oil 
reduced P. penetrans populations (26) . Populations of 
Belonolaimus longicaudatus Rau and M. graminis (Sledge and 
Golden) Whitehead were reduced by the addition of activated 
sewage sludge (Milorganite and Agorganite) (7). A similar 
effect was demonstrated on M. Incognita with steer manure 
amendments (l4). Products of biological degradation 
commonly found in soil have been utilized as organic amend­
ments. Cellulosic amendments reduced Invasion of eggplant 
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(Solanum melonglna L.) by H. tabacum Lownsbery and Lovms-
bery (17). Chitln and cellulose added to Infested soil 
reduced root-knot of tomatoes by 1/3, but starch and 
dextrose were ineffective (l6). 
The presence of bacteria and fungi were required for 
nematode control when soybean meal was added as a soil 
amendment. This indicated that the microbes or a degrada­
tion product was the controlling factor (25). 
Patty acids have been Isolated from decaying residues, 
and several have been demonstrated to be toxic to nematodes. 
Butyric, propionic, acetic and formic acids were toxic to 
Tylenchorhynchus martini Fielding, and the relative 
effectiveness of Immobilization was in direct proportion to 
molecular weights (lO). Formic, acetic, propionic, butyric 
and valeric acids were toxic to Dorylaimus sp. (l). Sayre 
et al. (20) isolated butyric acid from decaying rye (Secale 
cereale L.) and timothy (Phleum pratense L.), and they 
demonstrated Its toxicity to W. incognita and P. penetrans. 
Concentrations toxic to these two species were not toxic to 
saprozoic nematodes. Chemically pure butyric acid produced 
similar effects to the acid which was isolated. Butyric 
and propionic acids have also been shown to be responsible 
for rapid kill of T. martini in flooded soil amended with corn 
meal. Acetic acid was non-toxic (8). 
Little work has been reported in which effects of 
native soil organic matter upon nematodes have been studied. 
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A negative correlation was found between organic matter 
content and T. nudus Allen In a native Iowa prairie (21). 
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MATERIALS AND METHODS 
This Investigation was divided into survival and 
migration studies. The effects of four field soils, 
soil porosity, particle size, organic matter content and 
cation exchange capacity on Xiphinema americanum were 
investigated. Soil preparation for testing these 
properties was different in each case, but war usually 
identical in thcî experiments testing migration and those 
testing survival. The different methods of preparation 
will be discussed here and specific modifications will be 
discussed in pertinent sections. 
Soil Preparation and General Procedures 
Four diverse field soils were collected in order to 
measure their effects on migration and survival of X. 
americanum. These soils were Albaton silty clay, Edlna silt 
loam, Hagener loamy sand, and Tripoli clay loam. Each was 
chosen for one or more outstanding properties, i.e., the 
silty clay was low in air filled pores, the silt loam was 
high in air filled pores, the loamy sand was high In air 
filled pores and low in organic matter content and the clay 
loam was high in organic matter content. The soils were 
collected from the upper 15 cm of the soil surface, passed 
through a 1 mm sieve and fumigated with 1.3^2 kg methyl 
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bromide per 30.5 cubic meters of soil. 
Particle size, organic matter content and cation 
exchange capacity were altered to obtain a wide range of 
each property. Particle size was altered by sieving 
Hagener loamy sand into five size fractions Including 
75-150;j, 150-25QP, 250-5OQU, 500-700p, and 700-1000ju. 
Organic matter was destroyed In all fractions with hydrogen 
peroxide because the 75-150;j fraction contained twice as 
much as any other fraction after sieving. Organic matter 
was altered in Hagener loamy sand and Edlna silt loam by 
adding 0, 4, 8, and 12^ peat by weight to each. Cation 
exchange capacity was altered by adding two different 
amounts of Dowex 50, a strongly acidic cation exchange resin 
to Hagener loamy sand. This resulted in cation exchange 
capacities of 10.4 and 47.9 milllequivelents per 100 grams 
of soil. The resin additions resulted in a highly acidic 
condition which was overcome by adding calcium hydroxide 
to bring the pH to 7.5. 
Nematodes used for soil infestation were collected from 
a naturally infested soybean field In Keokuk County, Iowa. 
Infested soil was transported in metal cans and stored at 
room temperature for 1 to 3 weeks. Soil suspensions were 
passed through a 100 mesh sieve and the nematodes and soil 
remaining on the sieve were either placed on Baermann funnels 
overnight or separated by the centrifugal flotation method. 
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Nematode counts were made with the aid of a stereoblnocular 
microscope. 
Completely randomized designs were used in all tests, 
and analyses of variance and least significant differences 
were calculated for each test. 
Soil porosity was calculated by the bulk density 
method, and percentage of air filled pores by subtraction 
of the volume of water lost upon oven drying (3). Organic 
matter content was determined by the wet combustion method 
(19). Cation exchange capacity was determined by calcula­
tion of exchangeable bases and exchangeable hydrogen after 
leaching with ammonium and barium acetate, respectively 
(19). The percolation tube method of determining field 
capacity was employed (24). Results of the soil analyses 
are presented in Table 1. 
Survival 
Experiments were conducted to determine the effects of 
four field BOIID, soil air filled pores, soil particle 
size, organic matter content and cation exchange capacity 
on survival of X. amerlcanum. 
Soils to bo tested were placed In 7.62 cm clay pots, 
half were planted with three soybean seeds (Glycine max 
(L) Merr. var, Ameoy) per pot and half were left unplanted. 
All pots were infested with 200 X, amerlcanum adults and 
Juveniles 0,5 cm beneath the seed. Plants were thinned to 
Table 1. Analyses of soils used in various experiments designed to study survival 
and migration of Xlphlnema americanum 
Organic 
matter 
Soil # 
Air 
filled Exchangeable 
pores bases 
^ pH meq/100 gm 
Cation 
Exchangeable exchange 
hydrogen capacity 
meq/100 gm meq/100 gm 
Albaton sllty clay 3 .35 41.80 6.6 27 .70  2.54 30.24 
Ed-i.na silt loam 3 . 60  54.47 5-9 14 . 80  2.34 17.64 
Hagener loamy sand 0  .73 53.05 6  .3  3.05 2.68 5.73 
Tripoli clay loam 7 . 20  41.59 6.2 22 .60  2 .36  24.96 
Hagener f hfo peat 2  .60  50.24 6  .0  45 .60  1.79 47 . 49  
Hagener + 3^ peat 4 .55 50 .51  6 .2 41.40 2 .00  43.40 
Hagener -t 12fa peat 6 .70 43.25 6 .0 42.30 2 .18  44.48 
Edina v 4^ peat 6  .45 49 .40 6  .0  37.60 2.39 39.99 
Edina r 876 peat 7 . 10  53.14 6 .1 33.80 2.44 36.24 
Edina -r 12^ peat 7 .85 54 . 09  6.1 31.90 2 .69  34.59 
Hagener -r low cation 
exchange resin 0  .73 42.26 7.5 6 .95  3.45 10.40 
Table 1. (Continued) 
Organic 
matter 
Soil 
Air 
filled 
pores 
PH 
Exchangeable 
bases 
meq/lOO gm 
Cation 
Exchangeable exchange 
hydrogen capacity 
meq/lOO gtn meq/lOO gm 
Hagener • hi^h cation 
exchange resin 
Alcatcn undisturbed 
Zdli.a uudlsturbod 
Hc.gener undisturbed 
Tripoli undisturbed 
Havener 75-l?Cu 
Kagener I5O-25OU 
Hagoner 2^C-i00u 
Hagener :00-700u 
Havener 700-1000u 
u 
5 
0 
.73 
,35 
42.26 
I'l. 3£ 
17.87 
35.47 
16.75 
47.54 
45.20 
41.47 
42.23 
39.96 
7.5 
6.G 
5.9 
6 .3 
6 . 2  
6.3 
6 .9  
6 .6 
7.0 
6 .9  
43.55 
27 .70  
14.30 
3.05 
22 .60  
3.90 
2.54 
2.84 
2.63 
2.36 
47 85 
30.24 
17  .64 
5.73 
24 . 96  
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1 per pot 7 days after emergence, and each treatment was 
replicated three times. The soil was maintained at near 
field capacity for 8 weeks at 24-30°C, by placing the pots 
in an automatic watering device designed after that of 
Bateman (2). Juveniles and adults were counted after the 
soil was processed as mentioned previously. 
A survival test involving air filled pore space 
deviated slightly from the procedure Just explained. The 
same four field soils were collected with a Uhlen sampler, 
which is used to collect relatively undisturbed field cores 
for bulk density determination. These cores were placed 
in 7.62 cm pots, fumigated, and infested with X. amerlcanuin 
as were the disturbed samples. Survival of X. amerlcanum 
was compared between the samples taken in this manner 
(undisturbed) and those taken v.'ith a shovel and sieved 
(disturbed). 
Migration 
A modification of the Wallace method (27)  of measuring 
nematode migration was used to test soil property effects 
on movement of X. amerlcanum. Soils to be tested were 
placed uniformly in 5 cm sections of O.83 cm I.D. Tygon 
tubing, watered to near field capacity and infested at 
one end with 200 X. amerlcanum. Nematodes used for infesta­
tion were concentrated into one or two drops of water by 
ccntrifugation before Infestation. Treatments were replicated 
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three times. Tubes were incubated in a horizontal position 
at 20 C for 5 days in the dark. Tygon tubing, 1.27 cm I. D. 
X 5 cm, was sealed at one end and placed on each end of the 
tubes containing soil to maintain moisture and to provide 
aeration (Figure l), since nematode movement was suppressed 
in preliminary tests in which no tubing was added. After 
5 days at 20°C the tubes containing the nematodes were 
sectioned 1 cm from the end of infestation. Soil from each 
section was processed by catching the nematodes on a I50 
mesh sieve. Nematode counts were recorded as the percentage 
which had migrated 1 cm or more. 
The effect of particle size on migration was studied 
visually by placing specimens of X. americanum in each of 
the five size fractions mentioned above on a glass slide. 
Visual observations were conducted of live nematodes moving 
about, or of dead ones which had been stained with rose 
bengal 10 minutes after being placed on the slide. Photo­
micrographs were taken of the stained specimens. 
The presence of a naturally occurring toxin to X. 
americanum was tested for by leaching Hagener loamy sand 
containing 12^ peat with water and sodium hydroxide, and 
determining the effect of the extract on the nematode. 
Sodium hydroxide extracts were separated into humic and fulvic 
acid fractions by acidification of the extract to pH 3.0. 
This resulted in precipitation of the humic acid fraction and 
the fulvic acid fraction remained in solution (12) , The 
Figure 1. Tygcn tubing apparatus used in migration studies. 
The center tube was filled with soil and infested 
at one end with 200 Xiphinema americanum. The 
larger tube at each end was needed to provide 
adequate aeration, and stoppers maintained mois­
ture content. 
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precipitate was redissolved in O.IN sodium hydroxide and 
the pH was adjusted to 7.5 and 8.5 as was the fulvic acid 
solution. Two pH values were utilized, because humic acids 
are more soluble at low hydrogen ion concentrations and it 
was concluded that the higher pH might cause greater 
toxicity from this fraction. Controls consisted of water 
and sodium hydroxide extracts of Hagener loamy sand in which 
the organic matter had been destroyed by hydrogen peroxide. 
Toxicity to the nematodes was tested by adding water extracts 
and humic acid and fulvic acid fractions in a 1:1 ratio to 
water containing 200 nematodes in a 50 mm petri dish. The 
effect of the solutions on nematode activity was observed 
at 0, 4, 8, and 16 hours. Nematodes were termed active if 
they were moving upon observation, or if they moved after 
being touched with a probe. Twenty nematodes were counted 
in the water extracts and 30 in the sodium hydroxide extracts. 
Pour replications were utilized in the water extract experi­
ment and five in the tests Involving sodium hydroxide ex­
tracts. The results were expressed as percentage of 
nematodes active. 
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RESULTS 
Survival 
In the experiment testing four field soils, the survival 
and number of juveniles of Xlphlnema amerlcanum were 
significantly (O.O5 level) greater in Edina silt loam than 
In Albaton sllty clay or Tripoli clay loam (Figure 2, and 
Tables 2 and 3 appendix). There were no differences in 
Juvenile numbers or total numbers of X. amerlcanum between 
the silt loam and the loamy sand, or among the loamy sand, 
the sllty clay and the clay loam. Treatments containing 
plants were significantly higher in total numbers than 
those remaining fallow in this and all other survival tests. 
(Tables 2, 4, and 6 appendix) 
The test comparing field core samples and those which 
were collected with a shovel and sieved demonstrated the 
Importance of pore space (Figure 3, and Table 4 appendix). 
The graph illustrates that the sieved soils, which were 
higher in pore space, contained more X. amerlcanum than 
the field cores (O.Ol level). 
Survival was not significantly different in the experi­
ment comparing particle size fractions. Total numbers after 
8 weeks were low, however (Figure 4, and Table 5 appendix). 
Results of the test in which peat was added as an 
organic amendment are given in Figure 5, and Table 6 of 
PiRure 2. Mean Xiphlnema amerlcanum per pot in four field soils after 8 weeks 
incubation- Each pot was infested initially with 200 nematodes. 
Least significant difference above refers to total nematodes and 
lower L.S.D. refers to Juveniles. 
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• ADULTS AND JUVENILES 
JZ} JUVENILES 
A = ALBATON SILTY CLAY 
E = EDINA SILT LOAM 
H = HAGENER LOAMY SAND 
T = TRIPOLI CLAY LOAM 
LSD 0.05 
\o 
LSD 0.05 
Figure 3. Mean Xiphinema americanum per pot in four dis-
turbed and undisturbed field soils after 8 
weeks incubation. Each pot was initially 
infested with 200 nematodes. 
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Figure 4. Mean Xiphinema americanum per pot in five size 
fractions of a loamy sand after 8 weeks incuba­
tion. Each pot was initially infested with 
200 nematodes. 
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Figure 5. Mean Xlphlnema amerlcanum per pot of soli 
amended with varying concentrations of peat after 
8 weeks incubation. Each pot was initially 
infested with 200 nematodes. 
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the appendix. Significantly (O.Ol level) fewer nematodes 
were present in the silt loam and loamy sand with the 
peat amendment than with unamended soils. There were no 
significant differences among concentrations of peat, but 
higher populations occurred in the presence of plants in the 
silt loam than in the loamy sand (Table 6 appendix) . 
Experiments measuring the effect of cation exchange 
capacity ended in low populations in all treatments receiving 
cation exchange resin. It was concluded that the treatment 
was too harsh over an 8 week period and this portion of 
the study was not pursued further. 
Migration 
Results of the test in which four field soils were 
tested for their effects on migration were similar to those 
of the survival experiment in v.'hich the same four soils 
were studied (Figure 6, and Table 7 appendix). Movement 
was significantly greater (0.05 level) in Edina silt loam 
than in all other soils. Significantly greater (0.05 
level) migration occurred in Hagener loamy cand than in 
Albaton silty cloy or Tripoli clay loam, but there was no 
statistical difference between the last two soils. 
Particle size had a significant effect on migration 
of X. amerlcanum (Figure "J, and Table 8 appendix) . Movement 
was significantly less (0.05 level) in the smallest size 
Figure 6. Mean Xiphinema amerlcanum migrating 1 cm in four 
field soils after 5 days incubation. Results 
are expressed as the percentage of total nema­
todes recovered which had migrated 1 cm. 
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fraction than In all other fractions. The largest fraction 
reduced movement significantly (0.05 level) compared with 
the middle three fractions, which were not statistically 
different from one another. 
Photomicrographs of X. americanum in each size fraction 
are given in Figures 8-12. Nematodes were observed to move 
readily through all fractions with the exception of the 
75-150;j class, in which movement was hindered by impassable 
pores. The tortuosity of the pores in the two smallest 
size fractions is illustrated in Figures 8 and 9- Movement 
in the 150-250ja fraction was slightly less than in the 
250-500P and 500-700 jm fractions, although this difference 
was not significant in quantitative experiments. Figure 
12 illustrates the vastness of the pores compared to the 
size of the nematode in the yOO-lOOOp fraction, which is 
presumably the reason for the lesser amount of movement 
in that fraction. 
The addition of peat muck to the silt loam and the 
loamy sand resulted in significant (0.05 level) decrease in 
migration of X. americanum at the 8 and 12^ levels of peat 
compared with the treatments receiving no amendment (Figure 
13, and Table 9 appendix). The loamy sand provided for 
significantly greater (0.05 level) movement over all levels 
of peat. 
In the experiments in which the effects of soil extracts 
on nematode activity were tested, nematode activity was 
Figure 8. Xiphinema amerlcanum in the particle 
size of a fractionated loamy sand; note the 
small pore size. 
Figure 9» Xiphinema amerlcanum in the 150-250p particle 
size of a fractionated loamy sand. 

Figure 10. Xlphlnema amerlcanum in the 250-50Qjn particle 
size of a fractionated loamy sand; note the 
favorable pore size. 
Figure 11. Xlphlnema amerlcanum in the 500-700p particle 
size of a fractionated loamy sand; note the 
favorable pore size. 
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Figure 12. Xlphlnema amerlcanum In the YOO-lOOOp particle 
size of a fractionated loamy sand; note the 
large size of the pores. 
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Figure 13. Mean Xiphlnetna amerlcanum migrating 1 cm in 
Hagener loamy sand and Edina silt loam amended 
with varying amounts of peat after 5 days 
Incubation. Results are a combination of 
the two soils, and are expressed as the 
percentage of total nematodes recovered which 
had migrated 1 cm. 
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not significantly decreased by water extracts (Figure 14, 
and Table 10 appendix). The humic and fulvic acid fractions 
caused significant (O.Ol level) decrease in nematode activity 
at both pH levels compared with the controls (Figures 15 
and l6, and Tibles 11 and 12 appendix). All nematodes in 
the fulvic acid fraction were killed within one hour after 
contact with the solution. 
Results of the test designed to determine the importance 
of cation exchange capacity on movement are given in Figure 
17, and Table 13 of the appendix. Movement was reduced 
significantly (0.01 level) in treatments receiving cation 
exchange resin compared with those receiving none. Soybean 
root exudate had no positive effect on nematode attraction. 
Figure l4. Mean XIphinema amerlcanum active in water 
extracts of Hagener loamy sand with 0 and 12^ 
peat as a function of time. Results are 
expressed as percentage of nematodes active. 
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Figure 15. Mean Xiphinema americanum active In sodium 
hydroxide extracts of Hagener loamy sand 
with 0 and \2% peat at pH 7.5 as a function 
of time. Results are expressed as percentage 
of nematodes active. 
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Figure 16. Mean Xlphinema americanum active in sodium hydroxide extracts of Hagener 
loamy sand with 0 and 12J6 peat at pK 8.5 as a function of time. Results 
are expressed as percentage of nematodes active. 
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Figure 17. Mean Xiphinema americanum migrating 1 cm in 
Hagener loamy sand amended with varying con­
centrations of cation exchange resin in the 
presence and absence of soybean root exudate. 
Results are expressed as the percentage of 
total nematodes recovered which had migrated 
1 cm. 
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DISCUSSION 
Air filled pore space is important in the soil ecology 
of Xiphinertia amerlcanum, since nematode activity was 
greatest in soils with the highest air filled pore space 
in several experiments (Figures 2, 3> and 6). Nematodes 
were more active in the silt loam than in the other field 
soils tested, probably because it was higher in air filled 
pore space. Movement and survival were reduced in the 
silty clay, presumably because it was low in air filled 
pore space, but these reductions were probably related to 
the high organic matter content in the clay loam. It was 
concluded after experiments with field soils that movement 
and survival varied among soils, and this led to further 
study of the reasons behind these differences. 
Higher populations in the disturbed than in the un­
disturbed soils support the theory that greater pore space 
is beneficial to nematode activity. The only difference 
between these two treatments was that the undisturbed were 
compacted and thus had less pore space. Although previous 
investigations did not measure pore space per se, coarse 
textured soils usually contain more air, and the 
results of others usually correlate greater nematode 
activity with coarser textured coils (5, 6, 22, and 23). 
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Differences In the experiment measuring the effect 
of particle size on nematode movement are probably due to 
physical factors. The smallest fraction tested had the 
highest air filled pore space (Table 1), therefore, aeration 
was probably not limited. The smallest fraction hindered 
movement simply because the pores were too small, while the 
largest posed problems of leverage. The photomicrographs 
and visual observations are good evidence for such a theory. 
These results are in close agreement with Wallace (27 and 28), 
and are further evidence for the importance of pore space. 
Chemical and gaseous environment, as well as a 
favorable physical environment for movement and survival, 
are probably involved in the effect pore space has upon 
nematode behavior. The fact that nematode numbers differed 
in survival tests in which nematodes were placed adjacent 
to roots is good evidence for this theory, since movement 
is probably of no Importance in these tests. The importance 
of environmental gases was also demonstrated in preliminary 
migration tests in which little movement occurred until 
aeration was provided by adding extra tubing. Nematodes 
were not killed, but activity was reduced after 5 days. 
Also, there were no significant differences in nematode 
numbers between the five size fractions, in which even the 
smallest fraction .vas of sufficient size to allow for 
adequate aeration. 
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Organic matter content was of significant Importance 
in nematode ecology, but in this case it was an Inverse 
relationship. Peat is nearly pure humus and was chosen 
for use in these tests because it is a native soil organic 
matter, and is similar to that which is found In cultivated 
soils. Previous investigations had utilized organic 
materials which were in a lesser state of decomposition 
and which resulted in nematode control (7, 9, 14, 15, 17 
and 26). I hypothesized that peat additions would have 
an effect on nematodes similar to other organic materials, 
since breakdown products of plant materials in peat 
should be similar to thowe in many of the earlier tested 
amendments, especially the green manures. The effects of 
the humic and fulvic acid fractions of soil humus on nematode 
activity have never been studied. 
Since nematode survival and movement were reduced 
by peat amendments, it was concluded that a substance in 
the organic fraction was toxic to X. americanum. The 
results Indicate that an acid-base soluble substance is 
present in native soil organic matter which is toxic to 
X. americanum, and which probably accounted for the signif­
icant decrease in movement and survival of this nematode 
when peat was added to the soils. Fulvic acids are ill-
defined, and could have contained contaminants such as 
fatty acids. Humic acids are relatively pure, however, 
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since they are collected as a precipitate and cashed on a 
filter. It Is concluded that both the humic acids and 
the fulvic acid fraction are toxic to X. americanum. Since 
the fulvic acid fraction contained contaminants, these 
may contain the toxic factor, and toxicity may not be due 
to the fulvic acid fraction per se. There is, however, 
a potent toxin present which needs further identification. 
Since fatty acids have been shown to be contaminants of 
the fulvic acid fraction (12), and they have also been 
shown to be toxic to several nematode species (10, 1, 20, 
and 8), perhaps the unknown toxic factor could be such a 
compound. 
The results of the tests in which peat was added to 
the silt loam and loamy sand were not the same as found 
by Wallace (29), in which movement of Heterodera rostoch­
iensis was greater In pure peat than in a clay or a sandy 
loam. Wallace stated that H. rostochiensis is a common 
inhabitant of peat soils, and it appears that the potato 
cyst nematode is more tolerant of organic matter than X. 
americanum. 
Cation exchange tests were considered inconclusive. 
Migration v.'as reduced in soils treated with cation exchange 
resin, but this could be due to the same factor that 
caused the deaths of the nematodes in the survival tests, 
as well as a higher cation exchange capacity. 
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Control measures for X. amerlcanum can be visualized 
from these findings. Soils low in pore space could give 
some protection to susceptible crops, and it appears that 
this is true in the case of diseases caused by other 
nematode species. Unfortunately, crop plants also grow 
best in well aerated soils. Crop plants often thrive, 
however, in organic soils, which are deleterious to X. 
amerlcanum. Plantings of susceptible crops in organic 
soils would be a logical control measure, providing the 
crop does well in organic soils. Further study and 
identification of the toxin found, could lead also to 
an effective chemical control agent for X. amerlcanum. 
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SUMMARY 
Survival and migration of X. amerlcanum were studied 
in four field soils, and in soil characterized or amended 
to measure differences in activity as influenced by 
particle size, air filled pore space, organic matter content 
and cation exchange capacity. 
Higher populations and greater movement of X. amer­
lcanum occurred In a silt loam than in loamy sand, clay 
loam and sllty clay soils. The silt loam was highest in 
air filled pore space. Movement .vas greater in the loamy 
sand than in the clay loam or the sllty clay, as was the 
amount of air filled pores. 
Movement ..as greater in the 15O-25O, 25O-5OO, and 500-
700/i size fractions of a loamy sand than in either the 75-150 
or 700-1000^ fractions. Visual observations of X. amerlcanum 
In thin layers revealed that the pores were too small In the 
75-150fJ fraction to facilitate movement, and too large in the 
700-l000}i fraction due to a leverage problem. Nematode 
survival /.as not significantly different in these same 
size fractions. 
Populations were higher in disturbed than in undisturbed 
field soils. This correlated ,vlth more air filled pores 
In the disturbed than in the undisturbed soils. 
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Reductions in survival and migration of X. amerlcanum 
occurred with the addition of peat muck to soils low in 
organic matter. Water extracts of the loamy sand with 
12^ peat added caused no greater inactivation of nematodes 
than a similar extract of the same soil with organic matter 
destroyed by hydrogen peroxide. Sodium hydroxide extracts 
of the same soil separated into humic and fulvic acid 
fractions had a deleterious effect on nematode activity, 
compared with a similar control. The fulvic acid fraction 
had a significantly greater effect, since all nematodes 
were killed within a few minutes in the extract, while 
nearly 90% were still alive after 16 hours in the humic 
acid fraction. It is concluded that air filled pore space 
and organic matter content are important in the soil ecology 
of X» americanum, Greater nematode migration and higher 
survival were evident in the presence of the highest air 
filled pore space. Organic matter content inversely affected 
X. americanum, however, since higher organic matter contents 
resulted in reduction in both survival and movement. The 
deleterious effect of organic matter probably is due to a 
compound leached from peat amended soils, which was demon­
strated to be toxic to X. americanum. 
1, 
2 ,  
3^ 
4 
5 
6 
7 
8 
9 
10 
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APPENDIX 
Table 2. Xlphlnema amerlcanutn per pot in four field soils 
after b weeks incubation and analysis of variance. 
Each pot was infested initially with 200 nema­
todes 
Soil 
Replicati on 
3 Total 
Soils 
Mean 
Plants Albaton Si.CI. 40 60 0 100 20.00 
Edina Si.L. 
o
 
O
J 
70 280 590 128.33 
Hagener L.S. 60 220 60 340 66.67 
Tripoli Cl.L. 0 50 20 70 13.33 
No Plants Albaton Si.CI. 0 0 10 10 
Edina Si.L. 50 30 0 80 
Hagener L.S. 20 0 40 60 
Tripoli Cl.L. 0 0 10 10 
Analysis of variance 
Source of variation DP SS MS F LSD 
Treatments 7 
Plants 1 48,416.67 48,116.67 15.88** 
Soils 3 38,416.67 12,805.56 3.29* 67.38 
Plants X soils 3 9,049.99 3,016.67 
Error 16 48,466.67 3,029.17 
Total 23 144,050.00 
••Significant at 
•Significant at 
the 
the 
0.01 level 
0.05 level 
60 
Table 3- Xiphlnema amerlcanum Juveniles per pot in four 
field soils after dweeks incubation and analysis 
of variance. Each pot was infested initially 
with 200 nematodes 
Soil 
Replication 
1 2 3  Total 
Soils 
Mean 
Plants Albaton Si .01. 40 0 0 40 6.67 
Edlna Si.L. 80 20 120 220 38.33 
Hagener L.S. 30 40 60 130 21.67 
Tripoli 01.L. 0 0 0 0 0 
No Plants Albaton SI.01. 0 0 0 0 
Edlna Sl.L. 10 0 0 10 
Hagener L.S. 0 0 0 0 
Tripoli Cl.L. 0 0 0 0 
Analysis of variance 
Source of variation DP MS F LSD 
Treatments 7 
Plants 1 6016.67 14.44** 
Soils 3 1744.44 4.19* 
Plants X Soils 3 1472.22 3.53* 24.99 
Error 16 4l6.67 
Total 23 
""Significant at the 0.01 level 
"Significant at the 0,05 level 
Table 4. Xlphlnema amerlcanum per pot In four disturbed and undisturbed field 
soils after b weeksand analysis of variance. Each pot was infested 
initially with 200 nematodes 
Plants 
No Plants 
Sampling 1 2 3 Total mean 
Undisturbed Albaton Si.Cl. 40 20 10 70 7.50 
Edina Si..L. 10 10 10 20 
Hagener L .S. 10 10 10 30 
Tripoli Cl.L. 10 10 10 30 
Disturbed Albaton Si.Cl. 60 130 55 245 41.25 
Edina Si.L. 135 105 70 360 
Hagener L.S. 55 20 50 125 
Tripoli Cl.L. 30 110 20 160 
Undisturbed Albaton Si.Cl. 10 0 10 20 
Edina Si.L. 0 0 0 0 
Hagener L.S. 0 0 0 0 
Tripoli Cl.L. 0 10 0 10 
Disturbed Albaton Si.CI. 20 20 10 50 
Table 4. (Continued) 
Replication Sampling 
Sampling 1 2 3 Total mean 
Edina Si.L. 0 0 0 0 
Hagener L.S . 0 0 0 10 
Tripoli Cl.L. 10 20 10 40 
Analysis of variance 
Source of variation DP MS F 
Treatments 15 
Plants 1 17,252.08 32.63** 
Sampling 1 12,318.75 23 .30** 
Soils 3 978 .45 1.85 
Plants X sampling 1 10,702.09 20.24** 
Plants X soils 3 711.31 1.35 
Sampling X soils 3 1,239.39 2.44 
Plants X sampling X soils 3 1,050.69 1.99 
••Significant at the 0.01 level 
Table 4 (Continued) 
Analysis of variance 
Source of variation DP r4S P 
Error 32 523.62 
Total 47 
0>i 
ou 
64 
Table 5. Xlphlnema amerlcanum In five size fractions of 
Hagener loamy sand after 8 weeks and analysis of 
variance. Each pot was infested initially with 
200 nematodes 
Size fraction (p) 1 2 3 Total Mean 
75-150 5 0 10 15 5.00 
150-250 5 5 0 10 3.33 
250-500 20 15 0 35 10.67 
500-700 40 10 0 50 16.67 
700-1000 5 15 60 80 21.66 
Analysis of variance 
Source of variation DP MS F 
Treatments 4 269.16 1.50 
Error 10 179.00 
Total 14 
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Table 6. Xlphlnema amerlcanum per pot amended with varying 
concentrations of peat after 8 weeks Incubation 
and analysis of variance 
Host Peat Replication Soil X 
Soil presence ^12 3 Total peat mean 
Edlna Si.L. Plants 
Hagener L.S. Plants 
0 185 105 70 360 60.00 
k 10 15 25 50 8.33 
8 0 0 0 0 0.0 
12 0 0 0 0 0.0 
0 0 0 0 0 
4 0 0 0 0 
3 0 0 0 0 
12 0 0 0 0 
0 55 20 50 125 22.50 
4 0 10 10 20 5.00 
8 0 10 0 10 3.33 
12 15 0 0 15 4.16 
No plants 0 0 10 0 10 
4 10 0 0 10 
8 10 0 0 10 
12 0 0 0 10 
Table 6. (Continued) 
Analysis of variance 
Source of variation DP MS F LSD 
Treatments 1.5 
Soil 1 833.34 3.20 
Plants 1 6,075.00 23.33** 
Peat 3 4,070.33 15.63** 
Soil X plants 1 2,76^.66 10.62** 
Peat X peat 3 4,615.28 17 .72** 
Peat X eoi 1 3 1,440.23 5.53** 
Soil X peat X plants 3 518.29 1.99 
Error 32 260.42 
Total 47 
**SiiTnific'int at the 0.01 level 
67 
Table 7 • Percent XI phi ne ma ainericanum migrating 1 cm In 
four field ijoilF, after 5 days incubation and 
analysis of variance 
Soil 1 
Replication 
2 3 Total Mean 
Albaton Si.Cl. 31.20 11.10 14.30 56.60 10.87 
Edina Si.L. 66.00 64.80 64.60 195.20 65.07 
Hagener L.3. 47.60 28.70 29.40 105.70 35.23 
Tripoli Cl.L. 18.20 9.10 7.60 34.00 11.33 
Analysis of variance 
Source of variation DP MS F LSD 
Soils 3 1699 .22 24.90** 15.35 
Error 8 68 .24 
Total 11 
**Sisnificant at the 0.01 level 
68 
Table 8. Percentage Xlphinema amerlcanum migrating 1 cm in 
five size fractions of a loamy sand after 5 days 
incubation and analysis of variance. 
Replication 
Size fraction (ju) 12 3 Total Mean 
75-150 25.71 15.55 11.76 53.02 17.17 
150-250 61.67 61.90 64.00 187.06 62.55 
250-500 70.00 63.33 90.90 224.23 74.74 
500-700 86.11 61.67 91.30 239.17 77.74 
700-1000 46.34 48.48 60.00 154.82 51.66 
Analysis of variance 
Source of variation DP MS F LSD 
Size fraction 4 1826.58 16.21** 19.31 
Error 10 112.65 
Total 14 
**Significant at the 0.01 level 
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Table 9. Percent Xiphlnema americanum migrating 1 cm In 
soils amended with varying amounts of peat after 
5 days incubation and analysis of variance 
Peat Replication Peat 
Soil io 1 2 3 Total mean 
Hagener L.S, 0 43.75 36.36 50.50 130.11 31.87 
4 36.36 30.76 11.11 78.23 17.39 
8 35.71 12.51 0.0 48.22 11.87 
12 5.55 3.85 8.33 17.73 7.19 
Edina Si.L, 0 44.44 11.42 5.26 61.12 
4 5.26 20.83 0.0 26.09 
8 12.00 7.69 3.33 23.02 
12 18.75 6.66 0.0 25.41 
Analysis of variance 
DF MS Source of ' variation F LSD 
Treatments 7 
Soils 1 801.00 5.12* 15.31 
Peat 3 687.62 3.24 
Soils X peat 3 187.01 1.20 
Error 16 156.42 
Total 23 
*Significant at the O.O5 level 
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Table 10. Percent Xlphlnetna atnerlcanum active In water 
extracts of Hagener L.S. with 0 and 12 percent 
peat and analysis of variance 
Treatment 
Time 
(hrs.) 1 
Replication 
2 3 4 5 Total Mean 
Peat 0 60 45 60 80 60 305.0 61.00 
4 55 50 50 55 55 265.0 53.00 
8 35 40 30 65 35 205.0 41.00 
16 15 30 10 45 40 140.0 28.00 
Nd'peat 0 85 50 50 65 45 295.0 59.00 
4 50 25 65 50 55 245.0 49.00 
8 35 20 35 35 55 180.0 36.00 
16 0 5 15 10 10 40.0 8.00 
Analysis of 
Source of 
variance 
variation DF MS F LSD 
Treatments 7 
Peat 1 600.63 3.81* 
Time 3 3,310.46 21.01** 8.11 
Peat X time 3 170.62 
Error 32 157.50 
Total 39 
**Slgnifleant at 0.01 level 
•Significant at 0.05 level 
Table 11. Percent Xlphlnema amerlcanum active in sodium hydroxide extracts of 
Hagener L.S. with O and 12 percent peat at pH 7.5 and analysis of 
variance 
Time Replication Time Solution 
Treatment (hrs.) 1 2 3 4 5 Total mean mean 
Control 0 96 .67 93.33 100 .00 96.67 96 .67 483 .34 96 .44 
4 90 .00 93.33 100.00 100 .00 96 .67 480 .00 57.56 
8 100 .00 96.67 96.67 100.00 93 .33 476 .67 60.67 
16 83 .33 90.00 96.67 93.33 90 .00 443 .33 59.55 94 .17 
Pulvic acid 
fraction 0 96 .67 96.67 96.67 93.33 90 .00 473 .34 
4 0 .0 0.0 0.0 0.0 0 .0 0 .0 
8 0 .0 0.0 0.0 0.0 0 .0 0 .0 
16 0 .0 0.0 0.0 0.0 0 .0 0 .0 23 .67 
Kumic acid 
fraction 0 96 .67 100.00 100.00 96.67 96 .67 490 .01 
4 86 .67 80.00 86.67 66 .67 63 .33 383 .34 
8 83 .33 80.00 100.00 86 .67 83 .33 433 .33 
16 86 .67 93.33 90.00 96.67 83 .33 450 .00 87 .83 
Table 11. (Continued) 
Analysis of variance 
Source of variation DF MS P LSD 
Treatments H 
Solutions 2 30,425.86 4.18 
Time 3 5,209.88 3.11 
Solution X time 6 3,225.30 
Error ^.8 24.45 
Total 59 
Table 12. Percent Xiphlnema americanum active in sodium hydroxide extracts of 
Hagener L.S. with O and 12 percent peat at pH 8.5 and analysis of 
variance 
Time Replication Time Solution 
Treatment (hrs.) 12 3^5 Total mean mean 
Control 0 100 
o
 
o
 100.00 100 
0
 
0
 96.67 100 
0
 
0
 496.67 99 .56 
4 100 .00 100.00 100 .00 96.67 96 .67 493.33 65 .11 
8 93 .33 96.67 96 .67 100 .00 93 .33 480 .00 63 .78 
16 96 .67 96.67 100 .00 100.00 96 .67 490.07 62 .40 98 .00 
Pulvic acid 
fraction 0 100 .00 100.00 96 .67 100.00 100 .00 496.67 
4 0 .0 0.0 0 .0 0.0 0 .0 0.0 
8 0 .0 0.0 0 .0 0.0 0 .0 0.0 
16 0 .0 0 . 0  0 .0 0 . 0  0 .0 0.0 24 .83 
Kumic acid 
fraction 0 100 .00 100.00 100 .00 100.00 100 .00 500.00 
4 96 .67 100.00 93 .33 93.33 100 .00 483.33 
3 96 .67 93.33 96 .67 96.67 93 .33 476.67 
15 93 .33 83.33 86 .67 90.00 93 .33 446 .66 95 .33 
Table 12. (Continued) 
Analysis of variance 
Source of variation DP 
Treatments 11 
Solutions 2 
Time 3 
Solution X time 6 
Error 48 
Total 59 
MS F LSD 
34^445.44 1.82 
4,882.87 2.11 
3,807.25 
4.66 
Table 13. Percent Xlphlnema anierlcanum migrating 1 cm In Hagener L.S. amended 
with varying amounts of cation exchange resin in the presence and 
absence of soybean root exudate and analysis of variance 
Exchange 
Exudate resin 12 3^56 Total Mean 
Present None 13 .33 18.18 11 .76 18 .18 24 .13 16 .21 101 .79 16 .97 
Medium 15 .38 0.0 0 .0 0 .0 12 .32 9 .37 37 .57 6 .26 
High 0 .0 0.0 0 .0 d .69 13 .33 6 .67 28 .69 4 .78 
Not present None 23 .81 36.00 9 .43 27 .58 28 .57 19 .51 144 .90 24 .15 
Medium 0 .0 7.14 8 .69 0 .0 5 .88 0 .0 21 .71 3 .62 
High 10 .00 8.33 14 .28 17 .24 15 .38 15 .38 30 .61 13 .44 
Analysis of variance 
Source of variation DP MS F LSD 
Treatments 5 
Exudate 1 174.11 4.92* 
Resin 2 798.23 22.54** 3.44 
**Signifleant at the 0.01 level 
*Signifleant at the 0.05 level 
Table 13. (Continued) 
Analysis of variance 
Source of variation DF 
Exudate X resin 2 
Error 30 
Total 35 
MS F LSD 
:0 113.19 
35.41 
CT\ 
